To evaluate the influence of mid treatment hemoglobin level with the other prognostic factors on the outcome in patients with Tis-T1N0 glottic carcinoma treated with radiotherapy (RT). Between October 1995 and December 2008, a total of 84 patients diagnosed with Tis-T1N0 glottic carcinoma were treated with definitive RT. The influence of tumor, treatment, and patient-related factors on local control (LC) and overall survival (OS) were analyzed. The median follow up time was 30 months (ranges, 4-180 months). Local and/or locoregional relapse was observed in 11 patients (13%) (3 locoregional and 8 local). The estimated 5-and 10-year LC and OS rates were 87%, 85%, and 87%, 70% for the entire study group, respectively. Multivariate analyses revealed that older age (≥50 years) and the use of wedge-filter were found to be favorably influencing the LC (p= 0.025 and p= 0.030, respectively). Mid treatment hemoglobin level more than 13 g/dl was determined statistically significant for improving both LC and OS (p= 0.011 and p= 0.021). Older age and use of wedge filter were found to be independent prognostic factors for LC. Mid treatment hemoglobin level of more than 13 g/dl was correlated to superior LC and OS rates. Monitoring the changes of hemoglobin levels during therapy has to be considered to improve the outcome.
INTRODUCTION
Treatment options for early stage glottic carcinomas include conservation surgery, laser excision, and radiotherapy (RT). [1] [2] [3] [4] [5] While all these treatment approaches result in high local control (LC) rates, voice quality has been the most considered subject in recent years. It has been suggested that RT provides a high control rate associated with a better voice quality than the surgical procedures. 2 On the other hand, with RT being the initial treatment of choice, surgery can be reserved as a salvage option for treatment failures by allowing increased local control rates. 2, 6, 7 Although the high rates of local control and long term survival can be achieved by RT, there are various factors affecting the outcomes including hemoglobin. In spite of the discrepancies in these factors being documented widely in previous studies [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] , as of today, there have not been published prospective randomized studies nor metaanalyses.
In current study, patterns of failures, the impact of mid treatment hemoglobin (midHb) within the other prognostic factors on local control and overall survival were evaluated as a single-center experience.
PATIENTS AND METHODS

Patients:
Between October 1995 and December 2008, a total of 92 previously untreated patients diagnosed as Tis-T1N0 glottic carcinoma, were treated with definitive RT at the Uludag University Faculty of Medicine. Eight patients were lost to follow up and excluded from the study. The study was approved by the university ethic committee and all the patients were provided inform consent. The decision on whether to refer the patient to RT was due to the discretion of the surgeon, patient's choice and compatibility.
All 84 patients had diagnosis with histopathologically squamous cell carcinoma. Eighty male (95%) and 4 female (5%) patients were included in this retrospective study. The median age was 58 years (range, 32-85 years) and 34 of the patients (40%) were older than 50 years old. There were 10 (12%), 54 (64%), and 20 (24%) patients with Tis, T1a, T1b tumors, respectively. Fifty-three patients (63%) had well differentiated, 24 (28%) moderately differentiated, and 4 (5%) poorly differentiated tumors. In three of them, differentiation could not be verified. Patient and tumor characteristics are presented in Table 1 .
Staging was obtained with direct laryngoscopy with biopsy and/or computed tomography (CT) of larynx. Pretreatment evaluation consisted of complete blood counts, biochemical tests, and chest xray. The hemoglobin levels at the beginning of RT (preHb), midtreatment of RT (midHb), and end of RT (postHb) were also recorded ( Table 2 ). The response to treatment was assessed at the first and two months after the end of RT, and a clinically complete response was documented in all the patients by laryngoscopy.
Treatment:
Patients were treated with a planned, continuous course of RT with definitive intent.
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UHOD Number: 4 Volume: 22 Year: 2012 Elective nodal RT and elective neck dissection were not performed in any of the patients. All patients were evaluated with the treatment planning CT scan. RT was delivered with a parallel-opposed lateral 6 MV photon beams by linear accelerators (Siemens Mevatron KD2 and MD2). Wedge filter was used to obtain a homogenous dose distribution in 51 (61%) of the patients regarding the involvement of anterior commissure and anterior portion of the cord. The median time between the date of diagnosis and the first date of therapy was 25 days (range, 3-133 days). In one patient, the reason for admitting RT 133 days after diagnosis was related to patient incompatibility. A median dose of 63 Gy (range, 60-70 Gy) was given in 2-2.1 Gy/fraction over a median period of 42 treatment days (range, 30-57 days). Seven patients were given a break due to the holidays or technical problems during the treatment.
Following the completion of RT, evaluation was made by laryngoscopy and physical examination monthly in the first year, and less frequently thereafter. Computed tomography of the larynx was performed every six months for two years.
Statistics: All statistical calculations were accomplished using the SPSS-13 software. The primary end point was local control and overall survival (OS) and they were assessed using Kaplan-Meier method. Outcomes were analyzed from the end of RT to the last follow up or to the date of the first recurrence for LC, and from the date of diagnosis to the last follow up or to the date of death for OS. The mean survival analysis table was processed for the 5-and 10-years survival rates. Univariate analyses were made by using the log-rank test, and in the multivariate analyses, Cox regression analysis was used. The results were considered statistically significant at the level of p≤ 0.05. The variables analyzed in this study included patient, tumor, and treatment characteristics.
RESULTS
Follow-up and survival:
The median follow-up period was 30 months with a range of 4-180 months, and the median OS was 69.5 months with a range of 2-180 months. The 5-and 10-year OS rates were calculated as 87% and 70% for the entire group. At the time of analysis 18 of the patients were deceased. While 7 patients (40%) died of the disease, the rest of the patients died of intercurrent diseases (4 had myocardial infarction, 3 cerebrovascular disease, 2 lung cancer, 1 prostate cancer, and 1 gastrointestinal bleeding). Lung metastases developed in one patient and second primary tumor occurred in 8 patients (10%).
Local control:
The estimated 5-and 10-year LC rates for all 84 patients were 87% and 85%. A total of 11 patients had local recurrences during the follow up and all recurrences were confirmed by biopsy. Three patients developed recurrent disease both at the primary site and the lymph node (regional) and 8 patients (73%) developed recurrent disease at the primary site alone with the median time to recurrence of 15 months (range, 3-67 months). Six of 54 patients with stage T1a (11%), and 5 of 20 patients with stage T1b (25%) revealed recurrent disease. Of the recurrences, 4 patients had well differentiated (36%), 5 had moderately differentiated (45%), and one had poorly differentiated tumor (9%). It wasn't observed any recurrences in the female patients and the patients with stage Tis disease. Only 4 patients had anterior commissure involvement (ACI) through all the recurrences and 4 lo- cal recurrences were observed in the patients who treated with using wedge filter in RT field.
Of all the recurrences, 36% were seen within the 6 months, 45% within the first year, and 81% within the second years. A second recurrence after salvage surgery occurred in one patient with stage T1a, poorly differentiated tumor at the initial site. Surgery was the first attempt for salvage therapy in all recurred patients. While the most common type of salvage approach was total laryngectomy (81%), all but one patient underwent elective and/or therapeutic neck dissection within the same procedure. Reirradiation was considered in 3 patients after surgery for the persistent tumor. Four of the recurred patients (36%) were alive without any evidence of disease at their last follow up. Prognostic factors: Univariate analyses of LC and OS are shown in Table 3 and Table 4 . Smoking less than 30 cigarettes per day was found favorable for LC (p= 0.034). The patients more than 50 years old had significantly better LC (p= 0.017) (Figure 1 ). The overall treatment time (<45 days vs. ≥ 45 days) and treatment interruption affected neither LC nor OS. Use of wedge filter was significantly found to improve the 5-and 10-year LC compared to the patients treated without wedge filter (94% and 91% vs. 76% and 76%, p= 0.038). The influence of premid and post hemoglobin levels on LC was analyzed and midHb ≥13 g/dl were only determined statistically significant on 5 and 10 year LC compared to midHb < 13 g/dl (91%, 89% and 64%, 64%, p= 0.012) (Figure 2 ). The similar outcome was obtained for the 5 and 10 year OS; 66%, 41% for midHb level <13 g/dl and 90%, 77% for midHb ≥13 g/dl (p= 0.002) (Figure 3 Toxicities: Sixty-two out of 84 patients (74%) did not develop any mucosal reactions. Grade 1 and 2 skin reactions were seen in 48 (57%) and in 21 (25%) of the patients. Edema was assessed after the completion of RT through the first, third, and sixth months. First and third month evaluations showed high rates of edema (30 and 26%, respectively) compared to the following visits. No patient had a complication requiring total laryngectomy.
DISCUSSION
The main purpose of the early stage glottic carcinoma treatment is to cure the disease with minimal side effects, and to provide a better voice quality as much as possible. While both the surgery and RT are equally effective modalities, RT is widely preferred as the initial treatment of choice in many centers due to a well-preserved voice. 1, 3, [6] [7] [8] [9] [10] [17] [18] [19] [20] Despite the high rates of LC with RT, tumor recurrences are still being observed in a small group of patients which might be related with the prognostic factors. Until now, there have not been any publis- The 5-and 10-year LC rates were 87% and 85%, and the 5-and 10-year OS rates were 87% and 70% for the entire group; being correlated with those described in the literature. 13, [20] [21] [22] [23] Local recurrence was the initial site of all recurrences. Isolated regional recurrence was not seen in any of the treatment failures. The median time to recurrence was 15 months, which is in alignment with the previously published series. 24, 25 While several authors concluded the fact that age was not a prognostic factor for LC. 6, 7, 22, 23, 26 In a study by Gultekin et al., showed a significantly improved difference on LC in the younger patients 27 , however, Sjogren et al., did not observe any influence on OS, expecting poorer survival with younger ages. 21 In the present study, older patients appeared to have better prognosis on LC without affecting the overall survival. This finding might be a predictive factor for the agressivity of tumor in the younger laryngeal cancer patients as in the breast cancer. On the other aspect, regarding the small number of the patients it is difficult to advocate this result.
While gender was reported as not having any statistically significant impact on the outcomes in previous series, female patients had better LC rates than male patients. 6, 21, 22 Even though being female seemed to be a favorable factor for LC and OS, it is highly likely to be related to the lack of the number of female patients in most of the studies including the present study.
Many studies have documented high LC rates in the patients with lower stages. 6, 19, 24, 26 Franchin et al. also showed a significant correlation between the stage and the disease free survival. 26 In contrast to those results, stage was not demonstrated as a prognostic factor influencing LC, however, the 5-year LC rates were 100%, 90%, and 73% for Tis, T1a, and T1b disease, respectively, in present study (p= 0.094). This could be related with most of the studies included also T2 stage patients in their analysis but we did not. In similar, several authors reported no significant effect of T1a and T1b stage on LC, but the results were superior for T1a stage. 1, 23, 28 The influence of histological differentiation on LC is another debating subject. Mendenhall et al. showed that poorly differentiated tumors were observed with poorer LC29, however, this observation was not supported by all the authors. 6, 7, 20, 23, 26 Consistently, we did not show any relationship between the differentiation and the LC.
Findings for ACI have still been controversial since it would be an indication for surgery rather than RT. While ACI has been indicated as a poor prognostic factor for LC, regarding the proximity to the thyroid cartilage 2, 6, 7, 25, 29 , other studies failed to find a significant correlation. 2, 28 In a retrospective study by Fein et al., it was not demonstrated any differences between the patients who had ACI and the ones who did not have ACI with respect to LC 30. Similarly, in this current study, ACI was not found to be a predictive factor for local recurrence in both univariate and multivariate analyses.
In most of the studies, fraction size was emphasized to be an important factor in the LC of the glottis cancer. 7, 24 Kim et al. reported superior LC rates in patients treated with higher daily fraction sizes (2 Gy per fraction). 9 The effect of prolonged treatment time has also been reported to be associated with locoregional failure by several authors. control of both advanced glottic and supraglottic lesions but to a lesser degree for the early tumors. 31 In contrast, Fein and Selek et al. did not find a significant correlation between the overall treatment time and the LC. 30, 31 Based on the same aspect, it has been well known that prolonging overall treatment time due to the interruptions had a negative impact on LC. 8, 32 It is very obvious that avoiding prolonged treatment time would lead to better LC rates. 8, 18, 20 In our study, the fraction size was homogenous and therefore we did not analyse it as a prognostic factor. Furthermore, overall treatment time differed due to the interruptions during treatment. Local control and OS rates were demonstrated to be higher for patients who completed RT in less than 45 days compared to those who completed more than 45 days; however, it did not reach the significant level.
The interval between diagnosis and the start of RT was investigated as a prognostic factor; however, it did not appear to influence LC in some series. 6, 26 Our study is in agreement with those in the literature.
A few of the published series up until now have addressed the influence of the use of a wedge filter on LC. While Van der Voet et al. showed a decrease on LC in the use of wedge filter, Chatani et al. stated that wedge filter was useful for avoiding adverse effects while providing a benefit on LC rates. 33, 34 In a study of Jin et al., local failure was found to be high likely related with not using wedge filter in the patients who had ACI. 35 LC was found significantly better in the patients who were treated with using wedge filter in the current study (p= 0.038). We assume that this result might be related with two factors; the first one is, presence of small number of patients in our study and the second one is, the status of the patients with ACI progressed poorly who we did not prefer to use wedge filter.
Smoking was evaluated as a prognostic factor in the study of Marshak et al. 6 and smoking more than 30 packs per year was shown a significant unfavorable factor for LC. Fein et al. also investigated the effect of the tobacco use on the LC but failed to show any relationship. 10 In the present study, we analysed the use of cigarette per day and found more than 30 cigarettes per day was related to a decreased LC (p= 0.034).
The prognostic value of Hb has been evaluated in a few of the studies including cervix, pharynx, and larynx carcinoma; and preHb level was mostly found efficacious on outcomes. 10, 36 Fein et al. reported that preHb levels of more than 13 g/dl, had a major favorable effect on LC and survival in patients with glottic carcinoma.10 Grantz et al. emphasized a significant relationship between preHb and the LC alone. 37 Overgaard et al. demonstrated preHb as a prognostic factor with respect to LC in supraglottic larynx carcinoma. 36 On the other hand, in a study by Van Acht et al., anemia at the beginning and at the end of RT within any drop in Hb level during RT were found to be significant factor for disease-free survival. 38 Despite of the prognostic significance of preHb level was not shown in Jin et al.'s study, they found an association between Hb drop with LC rate. 34 It appeared there have been many series experiencing Hb effect on LC and OS in glottic carcinoma, however, most of them focused on either the influence of preHb level 10, 28, 37 or decrease in Hb level during therapy. 8, 35, 37 In this study, as an exception, only Hb level midtreatment of RT (≥13 g/dl) influenced LC and OS.
CONCLUSION
The results of this retrospective study supports the literature, advocating radiation therapy as an initial and highly curable treatment option in patients early glottic carcinoma; however, the outcomes are related to variable factors. Older age and use of wedge filter appeared to be favorable prognostic factors for LC in our study. Mid treatment hemoglobin level of more than 13 g/dl was also correlated to superior LC and OS rates. In our opinion, an attempt to maintain Hb level higher during therapy would ensure high LC rates.
